19961016  428 


AECD-  2ij-03 


united 


STATES  ATOMIC  ENERGY  COMMISSION 


THE  BETA=RAY  SPECTRA  OF 

fr-'- 


Dy 


c.  s.  Wu 

R.  D.  Albert 


USERS  Dr4L^ 


ColiJiiibia  University 

DTIC  QUAUTY  INSPECTED  g 


This  document  is  reproduced  as  a  project  report 
and  is  without  editorial  preparationo  The  manu¬ 
script  has  been  submitted  to  The  Physical  Beviev 
for  possible  publication. 


Date  of  Manuscript:  November  8,  19^8 

Date  Declassified:  December  1,  19^8 


Issuance  of  this  document  does  not  constitute 
authority  for  declassification  of  classified 
copies  of  the  same  or  similar  content  and  title 
and  by  the  same  authors , 


Technical  Information  Branch  Oak  Ridge^  Tennessee 
AEG,  Oak  Ridge,  Tenn.,  :  <8-49— 850-A1517 

Printed  in  U.S^A, 


THE  BETA-HAY  SPECTRA  OF 


By  C.  S.  Wu  and  R.  D.  Albert 


ABSTRACT 

Positron  and  negatron  spectra  of  Cu^^  have  been  investigated  in 
the  Colmbia  solenoid  jS-ray  spectrometer.  By  using  thinner  and  more 
uniform  sources  and  employing  a  more  rigorous  Coulomb  correction  factor, 
the  deviations  at  the  low  energy  region  were  greatly  reduced"  as  compared 
with  previous  work  reported  from  other  laboratories.  It  seems  probable 
that  the  remaining  small  observed  deviation  is  instrumental  and  the  Cu°^ 
spectra  are  actually  of  the  allowed  type. 


***** 

Radioactive  Cu  decays  either  by  positron-  or  negatron-emission  to 
Ni  or  Zn  with  a  half-life  of  12.8  hours.  In  19^5  Backusl  reported  dis¬ 
agreement  between  the  observed  ratio  of  the  number  of  positrons  to  the 
number  of  electrons  in  the  region  below  50  Kev  as  compared  to  that  pre¬ 
dicted  by  the  Fermi  theory  of  beta-disintegration.  Recently,  Cook  and 
Banger^  investigated  both  the  positron  and  negatron  spectra  Tram  Cu°^ 
over  the  entire  energy  region  and  found  that  both  negatrons  and  positrons 
at  low  energies  are  too  numerous  to  be  accounted  for  by  theory.  Since 
the  tectmical  difficulties  involved  in  the  study  of  the  beta-ray  spectrum 
at  very  low  energy  are  considerable,  it  is  desirable  to  know  hpw  far  the 
remaining  discrepancies  between  experiment  and  theory  at  low  energy  can 
be  reduced  by  improving  experimental  technique  and  employing  a"  more  rig- 
qrous  Coulomb  correction  factor  in  interpreting  the  data. 

The  Columbia  University  solenoid  ^-ray  spectrometerS^^  was  used  in 
this  investigation.  In  order  to  distinguish  between  electrons  and  posi¬ 
trons,  a  simple  modified  baffle  system  has  been  used  and  is  found  to 
transmit  particles  of  one  sign  only,  introducing  no  detectable  scattering. 
The  axis  of  the  spectrometer  is  at  least  six  feet  away  from  any  walls  and 
is  orientated  along  th#  earth's  magnetic  meridian.  The  vertical  component 
of  the  earth’s  magnetic  field  is  compensated  by  means  of  a  pair  of  Thomson 
coils .  ' 

The  radioactive  Cu°^  was  prepared  by  intense  deuteron  bombardment  of 
copper  in  the  Columbia  cyclotron.  In  carrying  out  the  chemical  purifica¬ 
tion  and  preparation,  precautions  for  yielding  high  specific  activity  wore 
partlcuilarly  stressed.  In  the  first  few  preliminary  runs,  the  source  was 
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prepared  by  direct  deposition  of  a  drop  of  01:1804  solution  on  a  collodion 
film.  The  deposit  tends  to  crystallize  at  the  edge  of  i]ke..’drDp\^and9i'there 
fore^  forms  a  non-imiform  source. 

A  more  uniform  source  can  be  obtained  by  adding  a  trace  of  detergent 
to  the  CUSO4  solution  or  from  a  colloidal  suspension  of  Cu(0H)2.  The 
source  backings  used  throughout  this  investigation  were  thin  collodion 
film  of  about  ifjUg/cm^.  The  counter  window  consisted  of  5  or  6  layers  of 
collodion  film  of  3-^  Mg/cm^  each.  Auxiliary  experiments  showed  that 
this  counter  window  should  have  negligible  effects  on  the  electron  dis¬ 
tribution  above  20  Kev. 

Several  runs  with  sources  varying  from  0.3  mg/cm^  to  ^0.1  mg/cm^ 
showed  a  gradual  but  consistent  reduction  of  deviation  versus  the  source 
thickness  at  low  energy  region.  Therefore,  the  importance  of  pxreparing 
extremely  thin  and  uniform  sources  can  never  be  over-emphasized.  With 
the  thinnest  source  (~0.1  mg/cm^)  prepared  with  the  present  facilities, 
the  deviation  was  found  to  be  much  less  than  previously  reported. 

In  comparing  the  experimental  data  with  the  Fermi  theory,  the 
Coulomb  correction  factor  has  been  reexamined  and  modified.  Longmire 
and  Brown5  recently  calculated  the  screening  effect  due  to  atomic  elec¬ 
trons  and  the  relativistic  effect  (which  has  often  been  neglected  for 
Z  <  29)  for  Cu^^  electrons  and  positrons.  These  corrections  are  con¬ 
siderable  for  electrons  of  energies  below  200  Kev  and  for  positrons  of 
energies  below  100  Kev  (figure  l).  Applying  these  corrections,  the 
observed  electron  distribution  (Figure  l)  agrees  with  the  theory  from 
upper  energy  limit  down  tO  '-~*  JO  Kev.  At  least  part  of  the  remaining 
discrepancy  could  very  well  be  due  to  the  finite  thickness  of  the  source. 
The  deviation  in  the  case  of  positron  appears  to  start  at  a  much  higher 
energy  ~  200  Kev  (Figirre  l).  If  these  deviations  are  due  to  the  scat¬ 
tering  of  electrons  or  positrons  into  the  low  energy  region,  the  effect 
would  be  much  more  pronounced  in  the  case  of  positrons  because  there  are 
so  few  positrons  at  low  energies.  This  can  better  be  illustrated  by 
comparing  the  area  under  the  momentum  distribution  curves  (Figure  2) 
where  the  difference  between  the  experimental  and  theoretical  distribu¬ 
tion  for  both  positrons  and  electrons  is  about  1  to  2^  of  the  total 
emission,  while  the  previous  work  reported  and  excess  of  posi¬ 

trons  and  65^  for  electrons. 

In  view  of  the  large  decrease  in  the  deviation  resulting  from 
the  use  of  thinner  and  more  lonlform  sources  and  the  use  of  a  more 
rigorous  Coulomb  correction  factor,  it  seems  probable  that  the  re¬ 
maining  small  observed  deviation  is  Instrumental  and  the  Cu^^  spectra  c 
are  actually  of  the  allowed  type. 

We  wish  to  thank  Professors  W.  W.  Havens,  Jr.,  L.  J.  Rainwater, 
and  J.  E*  Dunning  for  their  constant  interest  and  valuable  discussions. 
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Figure  2.  Momentum  spectra  of  Cu  negatrons  and  positrons. 


